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(57) ABSTRACT

Provided is a moving-image processing device for determin-
ing interference between objects. A moving-image process-
ing device (101) determines whether a first object drawn in a
first moving image clashes with a second object drawn in a
second moving image. The first moving image is accompa-
nied by a first anterior-surface depth for the first object. The
second moving image is accompanied by a second anterior-
surface depth for the second object. A rear-surface depth
acquirer (102) acquires a first rear-surface depth for the first
object, and a second rear-surface depth for the second object.
A clash determiner (103) functioning as an interference deter-
miner determines whether the first object interferes with the
second object in certain frames, on the basis of the overlap-
ping of a first occupancy zone spanning from the first ante-
rior-surface depth to the first rear-surface depth and a second
occupancy zone spanning from the second anterior-surface
depth to the second rear-surface depth, the first and second
occupancy zones being in an overlap area present in cases
when a first drawing area where the first object is to be drawn
overlaps a second drawing area where the second object is to
be drawn.

7 Claims, 14 Drawing Sheets
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MOVING-IMAGE PROCESSING DEVICE,
MOVING-IMAGE PROCESSING METHOD,
AND INFORMATION RECORDING MEDIUM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/JP2012/075416 filed Oct. 1, 2012, claiming
priority based on Japanese Patent Application No. 2012-
161924 filed Jul. 20,2012, and International Application Nos.
PCT/IP2012/072988 filed Sep. 7, 2012 and PCT/JP2012/
072989 filed Sep. 7, 2012, the contents of all of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

The present disclosure relates to a moving-image process-
ing device, moving-image processing method, and informa-
tion recording medium, for determining whether or not
objects interfere with each other when objects accompanied
by depth information depicted in multiple moving images are
compiled into a single moving image.

BACKGROUND ART

Technology for creating images accompanied by depth
information by acquiring the distance (depth or z-distance)
between a photographed object and a camera has been known
from before. Such images are often called 2.5-dimensional
images (for example, see Non Patent Literature 1).

On the other hand, technology has been proposed for sepa-
rating regions where virtually static backgrounds are depicted
and regions where moving objects are depicted, from moving
images depicting states in which an object’s position, shape,
color and/or the like change (for example, see Patent Litera-
ture 1).

By combining such technologies, it is possible to generate
2.5-dimensional moving images in which background depth
and object depth are distinguished, after separating the back-
ground and the objects moving in the front thereof. In frames
comprising the 2.5-dimensional images, the object’s surface
(object’s front surface) as seen from the camera is depicted,
and in pixels included in the depiction region where the object
is depicted, the color of the surface part of the object corre-
sponding to those pixels, along with the depth to that surface
part (anterior-surface depth), are associated.

This kind of 2.5-dimensional moving image can be
obtained using detection by a depth sensor simultaneously
with shooting of the real world by a CCD camera, or shooting
the real world with a stereo camera for stereopsis, finding
parallax for each corresponding pixel and calculating depth
from that parallax. Here, in a 2.5-dimensional moving image
made by shooting the real world, the state of the object’s
surface (object’s rear surface) that is not depicted in the frame
is not photographed, and information about the depth to the
rear surface is not known.

In addition, after creating a moving image expressing a
state taking into consideration and causing movement and/or
the like of an object in a virtual space, by adding only the
anterior-surface depth in each pixel of the moving image, it is
possible to obtain a 2.5-dimensional moving image. That this
kind of transformation is accomplished is convenient for rea-
sons such as consistency of the format and the 2.5-dimen-
sional moving image being maintained and video editing
becoming easier.
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In the field of three-dimensional graphics, clash determi-
nation technology is widely used in order to prevent regions
occupied by objects from mutually encroaching on each other
so that objects moving in virtual space do not interfere, and to
prevent situations in which one penetrates the other. Clash as
referred to here naturally includes surface contact among
objects, and also includes cases in which regions mutually
occupied overlap and cases in which the distance between
two objects is closer than a given threshold value even though
the two are actually separated, thus having a broader meaning
than the everyday definition.

CITATION LIST
Patent Literature

Patent Literature 1: Unexamined Japanese Patent Applica-
tion Kokai Publication No. 2009-080660.

Non Patent Literature

Non Patent Literature 1: Article on “2.5D” in the English
version of the free online dictionary Wikipedia, at http://
en.wikipedia.org/wiki/2.5D, acquired Jul. 18, 2012.

SUMMARY OF INVENTION
Technical Problem

Here, when multiple objects depicted in differing 2.5-di-
mensional moving images are compiled into a single moving
image, if multiple objects are depicted overlapping in the
same region, which object should be given priority in depic-
tion is determined based on the size of the depth.

However, to begin with, objects mutually encroaching on
regions each other are to occupy in three-dimensional space
and one penetrating the other so that interference occurs
between the objects is unnatural in a final moving image.

In the field of three-dimensional graphics, it is possible to
determine the result of interference through overlapping of
three-dimensional regions objects occupy and overlapping of
bounding boxes and bounding spheres enclosing the sur-
roundings of objects.

However, as described above, with 2.5-dimensional mov-
ing images, although the shape of the surface of an object that
can be seen from the camera (the anterior surface of the
object) is understood, the shape of the surface of the object
that cannot be seen from the camera (the rear surface of the
object) cannot be obtained, so it is impossible to apply inter-
ference determination technology without change in three-
dimensional graphics.

Accordingly, technology for determining interference
among objects depicted by 2.5-dimensional moving images
under conditions in which information about the rear surface
of'the object is unattainable is strongly desired.

In consideration of the foregoing, it is an objective of the
present disclosure to provide a moving-image processing
device, moving-image processing method and information
recording medium suitable for determining whether or not
objects interfere with each other when objects accompanied
by depth information depicted in multiple moving images are
compiled in one moving image.

Solution to Problem

The moving-image processing device according to the
present disclosure is a moving-image processing device for
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determining, when synthesizing a first moving image and a
second moving image, interference between a first object
depicted in the first moving image and a second object
depicted in the second moving image, wherein the first mov-
ing image is accompanied by a first anterior-surface depth on
the side of the first object depicted in the first moving image
and the second moving image is accompanied by a second
anterior-surface depth on the side of the second object
depicted in the second moving image, the moving-image
processing device comprising:

a rear-surface depth acquirer for acquiring a first rear-
surface depth on the side of the first object not depicted in the
first moving image, and a second rear-surface depth on the
side of the second object not depicted in the second moving
image; and

an interference determiner for determining, if a first draw-
ing area where the first object should be depicted in a given
frame and a second drawing area where the second object
should be depicted in the give frame overlap, whether or not
the first object and the second object interfere, based on
overlapping of a first occupancy zone from the first anterior-
surface depth to the first rear-surface depth of the first object
in an overlap area where the first drawing area and the second
drawing area overlap, and a second occupancy zone from the
second anterior-surface depth to the second rear-surface
depth of the second object in the overlap area where the first
drawing area and the second drawing area overlap.

In addition, the moving-image processing device of the
present disclosure can be comprised such that the rear-surface
depth acquirer acquires the first rear-surface depth and the
second rear-surface depth based on attributes a user sets for
the first object and the second object.

In addition, the moving-image processing device of the
present disclosure can be comprised such that the rear-surface
depth acquirer acquires the first rear-surface depth of the first
object in a first frame by estimating the length of the first
occupancy zone from a first average size of the first drawing
area in the first moving image and an area size of the first
drawing area in the first frame contained in the first moving
image.

In addition, the moving-image processing device of the
present disclosure can be comprised such that the difference
between the first rear-surface depth and the first anterior-
surface depth, and the difference between the second rear-
surface depth and the second anterior-surface depth, are non-
negative constants.

In addition, the moving-image processing device of the
present disclosure can be comprised such that the acquirer
acquires a first depth length associated in advance to
attributes of the first object, from the database, and acquires a
second depth length associated in advance to attributes of the
second object, from a database, and acquires the first rear-
surface depth from the first anterior-surface depth and the first
depth length, and acquires the second rear-surface depth from
the second anterior-surface depth and the second depth
length.

The moving-image processing method according to the
present disclosure is a moving-image processing method for
determining, when synthesizing a first moving image and a
second moving image, interference between a first object
depicted in the first moving image and a second object
depicted in the second moving image, wherein the first mov-
ing image is accompanied by a first anterior-surface depth on
the side of the first object depicted in the first moving image
and the second moving image is accompanied by a second
anterior-surface depth on the side of the second object
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depicted in the second moving image, the moving-image
processing method comprising:

a rear-surface depth acquisition procedure for acquiring a
first rear-surface depth on the side of the first object not
depicted in the first moving image, and a second rear-surface
depth on the side of the second object not depicted in the
second moving image; and

an interference determination procedure for determining,
if a first drawing area where the first object should be depicted
in a given frame and a second drawing area where the second
object should be depicted in the give frame overlap, whether
ornot the first object and the second object interfere, based on
overlapping of a first occupancy zone from the first anterior-
surface depth to the first rear-surface depth of the first object
in an overlap area where the first drawing area and the second
drawing area overlap, and a second occupancy zone from the
second anterior-surface depth to the second rear-surface
depth of the second object in the overlap area where the first
drawing area and the second drawing area overlap.

The non-transitory computer-readable information record-
ing medium according to the present disclosure comprises a
non-transitory computer-readable information recording
medium on which is recorded a program for determining,
when synthesizing a first moving image and a second moving
image, interference between a first object depicted in the first
moving image and a second object depicted in the second
moving image, wherein the first moving image is accompa-
nied by a first anterior-surface depth on the side of the first
object depicted in the first moving image and the second
moving image is accompanied by a second anterior-surface
depth on the side of the second object depicted in the second
moving image, the program causing a computer to function
as:

a rear-surface depth acquirer for acquiring a first rear-
surface depth on the side of the first object not depicted in the
first moving image, and a second rear-surface depth on the
side of the second object not depicted in the second moving
image; and

an interference determiner for determining, if a first draw-
ing area where the first object should be depicted in a given
frame and a second drawing area where the second object
should be depicted in the give frame overlap, whether or not
the first object and the second object interfere, based on
overlapping of a first occupancy zone from the first anterior-
surface depth to the first rear-surface depth of the first object
in an overlap area where the first drawing area and the second
drawing area overlap, and a second occupancy zone from the
second anterior-surface depth to the second rear-surface
depth of the second object in the overlap area where the first
drawing area and the second drawing area overlap.

The above-described program can be recorded on a com-
puter-readable non-transitory information recording medium
such as a compact disc, flexible disk, hard disk, magneto-
optical disc, digital video disc, magnetic tape, semiconductor
memory, and/or the like. The information recording medium
can be distributed and sold independent of a computer.

Furthermore, the above-described program can be distrib-
uted and sold via a transmission medium such as a computer
communication network and/or the like, independent of a
computer on which the program is executed.

Advantageous Effects of Invention

With the present disclosure, it is possible to provide a
moving-image processing device, moving-image processing
method and information recording medium suitable for deter-
mining whether or not objects interfere with each other when
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objects accompanied by depth information depicted in mul-
tiple moving images are compiled in one moving image.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an explanatory drawing showing the relationship
between an object depicted in a 2.5-dimensional moving
image and the elements thereof;

FIG. 2A is a cross-sectional view of an object;

FIG. 2B is a cross-sectional view showing the anterior
surface of the object;

FIG. 2C is a cross-sectional view of an object the shape of
whose rear surface is estimated by making the thickness
constant;

FIG. 2D is a cross-sectional view of an object the shape of
whose rear surface is estimated by finding a representative
anterior-surface depth of the object and setting the value
found by adding thickness to this as the rear-surface depth;

FIG. 2E is a cross-sectional view of an object the rear
surface shape of which is estimated to be a spherical surface;

FIG. 3 is an explanatory drawing showing a summary
composition of elements accompanying clash determination,
in a moving-image processing device;

FIG. 4 is a flowchart showing the flow of the clash deter-
mination process;

FIG. 5A is an explanatory drawing showing the state of the
screen prior to the start of dragging;

FIG. 5B is an explanatory drawing showing the state of the
screen at the point in time when dragging starts;

FIG. 5C is an explanatory drawing showing the state of the
screen at a point in time during dragging;

FIG. 5D is an explanatory drawing showing the state of the
screen at a point in time when the image has been dropped;

FIG. 6 is an explanatory drawing showing the summary
composition of the part according to a drag-and-drop process
of the moving-image processing device;

FIG. 7 is a flowchart showing the flow of control of the
drag-and-drop process;

FIG. 8 is a flowchart showing the flow of control of an
automatic adjustment process;

FIG. 9A is an explanatory drawing showing the state of the
screen prior to the start of dragging;

FIG. 9B is an explanatory drawing showing the state of the
screen at the point in time when dragging starts;

FIG. 9C is an explanatory drawing showing the state of the
screen at a point in time during dragging;

FIG. 9D is an explanatory drawing showing the state of the
screen at a point in time when the image has been dropped;

FIG. 9E is an explanatory drawing showing the state in
which an automatic correction to the drop position was made
after the drop;

FIG. 10 is a flowchart showing the flow of control of a
highlight display process in the droppable region;

FIG. 11A is an explanatory drawing showing the state of a
trajectory pos[X.i](t) and a trajectory pos|Y.,j](t);

FIG. 11B is an explanatory drawing showing the state of
the trajectory pos[X,i](t) and the trajectory pos[ W,j](1);

FIG. 12A is an explanatory drawing showing the state of a
trajectory gradually deforming through repetition of a pro-
cess;

FIG. 12B is an explanatory drawing showing the state of a
trajectory gradually deforming through repetition of a pro-
cess;

FIG. 12C is an explanatory drawing showing the state of a
trajectory gradually deforming through repetition of a pro-
cess;
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FIG. 12D is an explanatory drawing showing the state of a
trajectory gradually deforming through repetition of a pro-
cess;

FIG. 13 is an explanatory drawing showing the state of
adjusting a primary normal vector in a specific part of a
trajectory in order to avoid a clash.

DESCRIPTION OF EMBODIMENTS

Below, the preferred embodiments of the present disclo-
sure are described. The preferred embodiments are for
explanatory purposes and do not limit the scope of the present
disclosure. Accordingly, one skilled in the art could apply an
embodiment in which various elements or all elements herein
are substituted by equivalents thereto, but such embodiments
are also included within the scope of the present disclosure.

The moving-image processing device according to the pre-
ferred embodiments described below is realized by a com-
puter executing a program. The program is read into a tem-
porary memory device such as a RAM (Random Access
Memory) and/or the like from a non-transitory memory
device such as a ROM (Read Only Memory), a hard disk
and/or the like. A CPU (Central Processing Unit) succes-
sively interprets programs read into the RAM, reads and
writes data among various memory devices and accomplishes
calculation processes on data. In addition, the CPU controls
interaction with input and output devices such as keyboard,
mouse, touch panel, display and network interface, and/or the
like, under the program’s control.

However, the moving-image processing device according
to the present disclosure is not limited to being realized by a
computer that executes a program. For example, it is possible
to realize the same functions by using a special electronic
circuit for image processing, an FPGA (Field Programmable
Gate array), DSP (Digital Signal Processor) and/or the like.

In the field of three-dimensional graphics, interference
between objects is called a clash. In everyday language, a
clash means objects violently colliding, the mutual surfaces
making contact and in some cases the shapes of the objects
deforming, but when speaking of interference of objects or
clash of objects, the meaning shall include when the surfaces
make contact, cases where regions within the three-dimen-
sional space occupied by an object is encroached on and
penetrated, and cases where even through the objects are
separated the distance is sufficiently close, and/or the like. In
the embodiments below, the phrase “clash” is used in place of
the term “interference” to facilitate understanding.

(Relationship Between a 2.5-Dimensional Moving Image
and Objects)

Below, notation for expressing an object depicted in a
2.5-dimensional moving image is organized to facilitate
understanding. FIG. 1 is an explanatory drawing showing the
relationship between an object depicted in a 2.5-dimensional
moving image and the elements thereof. The explanation
below makes reference to this drawing.

In the explanation below, the phrase “2.5-dimensional
moving image” is appropriately abbreviated as “moving
image” to facilitate understanding.

A frame played back at an elapsed time t from the starting
point of playback (classically, this is expressed by frame
number) among frames included in a given moving image X
is notated as X(t).

In the pixel coordinate system fixed for each frame, in
frame X(t) the pixel positioned at the coordinate value x in the
horizontal direction and the coordinate value y in the vertical
direction is notated as X(t)[x,y].
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That the coordinate value x in the horizontal direction and
the coordinate value y in the vertical direction are effective
values in each frame of the moving image X is notated as
[x,y]eX. That is to say, [x,y] means the position of a pixel.

FIG. 1 illustrates a state in which the condition of an object
positioned in the virtual space is depicted in a frame of the
moving image is seen from directly to the side, using three-
dimensional graphics technology, but it is possible to con-
ceive of similar conditions existing even when the real world
is photographed with a camera.

As shown in the drawing, when from a shooting point 11 in
the space a halfline 13 toward the pixel X(t)[x,y] in the frame
X(t) positioned on a projection surface 12 encounters a clash
point 15 of the surface of an object 14, the state of the encoun-
tered clash point 15 is depicted at the pixel (X)t[x,y]. This is
typical perspective projection.

As described above, this drawing is the state of shooting as
seen from directly to the side. Accordingly, in this drawing,
the projection surface 12 is expressed by a straight line.

The shooting point 11 corresponds to the position of the
camera or observation position, and the distance between the
shooting point 11 and the projection surface 12 is determined
by the focal length of the lens and the units of pixel length. In
addition, the shooting direction 16 is the direction of a per-
pendicular line from the shooting point 11 toward the projec-
tion surface 12.

Below, the color of the pixel X(t)[x,y] and the anterior-
surface depth are notated as X(t)[x,y].color and
X()[x,y].fore.

X(1)[x,y].color is determined based on the color and state
of writing at the clash point 15, and the distance between the
shooting point 11 and the clash point 15, and/or the like.
X(t)[x,y].color expresses a coordinate value in each color
space, such as RGB, CYMK, HSV and/or the like, and con-
version of the coordinate value between color spaces is for-
mularized. In addition, it would also be fine to add an a value
indicating transparency to the X(t)[x,y].color.

X()[x,y].fore expresses the depth distance between the
part corresponding to the clash point 15 of the object 14
depicted at the pixel X(t)[x,y], and the shooting point 11. As
the depth distance, it is typical to utilize a length 17 of a
component in the shooting direction 16 of a vector from the
shooting point 11 to the clash point 15 (corresponding to the
so-called “Z distance”), but as an approximation thereof, it
would be fine to utilize the distance from the shooting point
11 to the clash point 15.

The depth distance can be expressed in various unit sys-
tems. When a pixel comprises a square, if the length of the
side of the pixel is taken as the unit, it is possible to normalize
depth in multiple moving images. Below, the explanation
assumes that depth has been normalized.

In general, in the moving image X a background is depicted
in addition to moving objects. The background can be thought
of as a substantially unmoving object.

If each frame of the moving image is analyzed using the
technology disclosed in Patent Literature 1 and/or the like, it
is possible to identify whether a background is depicted or a
moving object is depicted at the pixel X(t)[x,y].

Below, a case will be considered in which identifying num-
bers have been assigned to identified objects in order to facili-
tate understanding. The identifying number of the object
expressing the background is 0, and the identifying numbers
of other objects are assigned as 1,2,3 .. ..

Furthermore, the identifying number of an object a part of
which is depicted at the pixel X(t)[x,y] is notated as X(t)[x,
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y].id, and the maximum value of the identifying numbers of
objects appearing in the moving image X is notated as
X.maxid.

Ifthe identifying numbers of objects appearing in the mov-
ing image X are 0, 1, 2, 3, ..., N, then X.maxid=N.

In the moving image X, if only the pixels X(t)[x,y] satis-
fying the condition X(t)[x,y].id=0 are extracted, information
about only objects (information excluding the background)
can be obtained. In addition, in order to obtain a moving
image of only the i” object, it would be fine to extract only
pixels X(t)[x,y] satisfying the condition X(t)[x,y].id=i. These
correspond to moving images for chroma key composition
using blueback in conventional moving image technology.

As a result of accomplishing the above-described extrac-
tion, in pixels that have ceased to be targets of processing, the
assumption will be that a negative value has been given as an
identifying number, in order to facilitate understanding. That
is to say, if X(1)[x,y].id<0, the pixel X(t)[x,y] will be inter-
preted as a transparent pixel. Here, “transparent” means cor-
responding to blueback in chroma key composition.

Based on this interpretation, it is possible to think of a
negative value being set as X(t)[x,y].id when [x,y]eX is not
established. Below, the explanation will continue for the case
in which negative values are set as .id for pixels that are not
targets of processing and “pixels” in positions outside the
frame of the moving image, in order to facilitate understand-
ing.

(Various Types of Conversions for 2.5-Dimensional Mov-
ing Images)

Below, conversion methods for creating a different moving
image from a given moving image are described. Among this
kind of conversion method are the following:

(1) Translation up, down, left or right along a frame of the
moving image;

(2) Scaling of the moving image;

(3) Translation in the depth direction of the moving image;

(4) Rotation of the moving image about the horizontal axis,
the vertical axis or the depth axis;

(5) Displacement of the moving image in the time direc-
tion;

(6) Selection of only specific objects from the moving
image;

(7) Synthesis overlaying a different moving image on a
given moving image. These are explained in order below.

First, consider translation up, down, left or right along a
frame of the moving image. If a moving image Y is obtained
by translating the moving image X by p in the horizontal
direction and q in the vertical direction within the frame, then:

Y@ [x+p.y+q/=X(®)[x,y], and

YO lxy/=XO)x-p.y-q].

Here, for the above-described equalities, values assigned to
each pixel such as .color and .fore and/or the like, all have
equivalent meaning.

Below, the moving image obtained by translating the mov-
ing image X by p in the horizontal direction and by q in the
vertical direction within the frame is notated as move(p,q,X).

Next, consider scaling of the moving image. In a transpar-
ent projection, depicting as ¢ times as large means that the
depth has become 1/c times and background points have
become closer. Accordingly, if the moving image Y is the
enlargement of the moving image X ¢ times within the frame,
for other than the .fore assigned to each pixel,

Y@)[exx,exp/=X@)x.y/,
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that is to say,

YO [x,y]=X(@®)[x/c,y/c].

In addition, for .fore assigned to each pixel,

Y(B)[exx,exy).fore=X{(1)[x,y].fore/c,

that is to say,

Y(8)[x,y].fore=X(2)[x/c,y/c] fore/c.

Below, the moving image obtained by enlarging the mov-
ing image X ¢ times within the frame is notated as scale(c,X).

Next, consider translation of the moving image in the depth
direction. When the moving image Y is obtained by objects
shot in the moving image X being made more distant by r in
the depth direction, the depth distance of X(t)[x,y] changes
from X(t)[x,y].fore to X(t)[x,y].fore+r. That is to say, the
depth distance becomes (X(t)[x,y].fore+r)/X(1)[x,y].fore=k
times.

In transparent projection, if the distance to a shooting point
becomes k times, the size depicted on the projection surface is
enlarged or reduced to 1/k times. Accordingly, for other than
the .fore assigned to each pixel,

Y@k y/i] =X @) [x.3],

and for .fore,

Y(8)[x/k,y/k).fore=X(#)[x,y].fore+r

Below, the moving image obtained by translating the mov-
ing image X by rin the depth direction is notated as push(r,X).

Furthermore, consider rotation of the moving image about
the horizontal axis, the vertical axis or the depth axis. If the
moving image Y is obtained by rotating the moving image X
by 6 about the horizontal axis, elements other than .fore
become:

Y(O)[x,y]=X(0)[x,X(#)[x,y].forexcos 6—yxsin 8],

and for .fore,

Y(8)[x,y].fore=X(2)[x,y].forexsin 6+yxcos O

is established.

Similarly, ifthe moving imageY is obtained by rotating the
moving image X by ¢ about the vertical axis, elements other
than .fore become:

Y(O)[x,y]=X(O)[X(#)[x,ys].forexcos px—xxsin ¢,y/,

and for .fore,

Y(8)[x,y].fore=X(2)[x,y].forexsin ¢p+xcos ¢

is established.
In addition, when the moving image Y is obtained by
rotating the moving image X by 1 about the depth axis,

Y()[x,y]=X(8)[xxcos p—yxsin P, xxsin Pp+cos ]

is established.

Below, the moving images obtained by the respective rota-
tions are notated as rothor(6, X), rotver(¢, X) and rotdep(1},
X).

When these transformations are accomplished the coordi-
nate values of the pixels are not integer values and at times a
hole occurs in the coordinate values. In such cases, the values
of'the .colorand .fore and/or the like assigned to each pixel are
interpolated and anti-aliasing is accomplished, and for .id, it
is possible to adopt a method such as utilizing a value at the
grid point closest to that coordinate, or to find at what position
the boundary where .id changes is positioned through inter-
polation and to determine .id based on that boundary.
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Pixels that are outside the scope of the frame of the moving
image due to a translation and/or the like may be thought of as
transparent pixels, so it would be fine to set .id to a negative
value as above.

Next, consider translations of the moving image in the time
direction. If the moving image Y is found by shifting the
moving image X by d in time,

YOxy/=X-d)[x.y]
is established.

Below, the moving image in which the time of the moving
image X is shifted by d is notated as shift(d,X).

Furthermore, consider a process for selecting only a spe-
cific object from a moving image. Ifa moving image y depicts
only object with the i identification number in the moving
image X, for elements other than .id,

Y@Olxy/=X@0)[x.y], if X(@)[xy].id=

is established.
In addition, for .id, if

Y()[x,y].1d=1, if X(¢)[x,y].id=i and i>0;
Y(8)[x,»].1d=0, if X(¢)[x,y].id=i and i=0;

Y(B)[x,y].id=-1, otherwise,

then it is possible to minimize to the extent possible the
maximum value Y.maxid of the identification numbers in the
moving image Y.

Below, a moving image depicting only the object having
identification number i depicted in the moving image X is
notated as select(i,X).

Finally, consider the process of superimposing a different
moving image on a given moving image. If there is no clash
between objects depicted in moving images X and Y, by
superimposing an object other than the background of the
moving image Y on the moving image X (it would be fine to
include the background, and it would also be fine to include
only objects other than the background), a moving image Z is
obtained in which objects depicted in the moving image X
and objects depicted in the moving image Y are compiled into
one.

In the moving image Z, for other than .id,

ZO[xy]=X0)[x.y], if Y(O)lx,y].id<0;
Z(O[xy]=X(O)[x,y], if X(8)[x,y].fore<¥(#)[x,y].fore;

Z(H)[x,y]=Y(0)[x,y], otherwise

is established.
In addition, for .id, if

Z(H)[x,»].1d=X(0)[x,y].id, if ¥(#)[x,y].id=0;

Z(H)[x,p].1d=X(®)[x,»].id, if X(#)[x,y].fore<
Y(O)[xy] fore;

Z(H)[x,y].1d=Y(#)[x,y].id+X.maxid, otherwise

then it is possible to avoid overlapping identification numbers

of objects.
In addition, of the integers 1,2, . . ., Z.maxid, if there is one
that does not appear as a value of Z(t)[x,y].id, it is possible to

minimize Z.maxid by shifting the .id of the subsequent
objects.

Below, the moving image obtained by superimposing
objects other than the background of the moving image Y on
the moving image X is notated as superimpose(Y,X).

When the above-described processes move, scale, push,
rothor, rotver, rotdep, select, superimpose and/or the like are
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accomplished by computer, it is possible to use a calculator
function possessed by a CPU (Central Processing Unit), and
high-speed calculation is also possible by using a processor
for graphics processing, and/or the like.

In scale and push, scaling and translation in the depth
direction are considered to be centered at the origin, and in
rothor, rotver and rotdep, the assumption is that the axis of
rotation passes through the origin.

Accordingly, when the desire is to accomplish scaling or
translation in the depth direction centered at an arbitrary
position [p,q] within the moving image X, it would be fine to
first translate [p,q] up, down, left or right to the origin, then
accomplish scaling or translation in the depth direction and
then accomplish the reverse translation up, down, left or right.
That is to say, it would be fine to use:

move(p,g,scale(c,move(-p,—¢,X)));

move(p,g,push(r,move(-p,—¢,X))).

When the position of the axis of rotation is to be shifted up,
down, left or right or in the depth direction, the axis of rotation
is first translated in the up, down, left or right direction or in
the depth direction so as to pass through the origin, the rota-
tion is accomplished, and following this a reverse translation
is accomplished in the up, down, left or right direction or in
the depth direction.

Besides this, in a transformation such as a scale or push
and/or the like when the depth is translated, it would be fine to
correct the brightness or intensity and/or the like of .color in
accordance with the degree thereof.

Normalization of the moving image can also be accom-
plished based on settings and/or the like at the time of shoot-
ing, but it is also possible for this to be set in accordance with
user desires or to be accomplished automatically.

In the case of settings by the user, first the height or width
of the moving image is simply scaled based on the user
instructions and/or the like, and by adjusting the resolution
the size of objects depicted in the image become as desired.
With “scale”, the depth distance of the corresponding pixels
are multiplied by a coefficient corresponding to the enlarge-
ment ratio, but when normalizing, the depth distance of the
corresponding pixels is used without change.

Following this, the user selects a coefficient and the depth
distance of each pixel is multiplied by this coefficient.

When the attempt is made to generate a moving image 7 in
which the object i and the object j are depicted together under
the situation in which an object i is depicted in the moving
image X and an object j is depicted in the moving image'Y, it
is often preferable for the size of the object i and the size of the
object j to be substantially equivalent, and for the depth of the
object 1 and the depth of the object j to be substantially
equivalent. When such prerequisites are established, auto-
matic normalization is possible.

That is to say, the moving image Y is simply scaled so that
the average area and average height and/or the like of the
region in which the objectj is depicted in the moving image Y
match the corresponding values of the object i in the moving
image X, so that the moving image Z is obtained. That is to
say, for all values including .fore,

Z(O)[xy]=Y(0)[x/c,y/c].

Furthermore, the depth in the moving image 7 is multiplied
by a coefficient so that the average depth of the object j in the
moving image 7 and the average depth of the object i in the
moving image X match, thereby obtaining a moving image
W. That is to say, for other than .fore,

W@lxy]=Z0)xy],

10

15

20

25

30

35

40

45

50

55

60

65

12

and for .fore,
W(t)[x,y].fore=kx Z(2)[x,y].fore.

If ¢ and k are automatically set so that the above conditions
are satisfied, the moving image W is obtained by normalizing
the moving image Y so that the object j corresponds to the
object i. Naturally, as described above, it would be fine to
accomplish normalization by setting ¢ and k in accordance
with the user’s desires.

Above, notation of various characteristic amounts of the
moving images and various types of transformations were
described, but these notations and transformations are
intended to facilitate understanding. In particular, it is pos-
sible to express .color, .fore, .id and/or the like through other
formats. Even when methods or transformations equivalent to
this are utilized in various formats used in moving-image
processing, naturally this is included within the technical
scope of the present disclosure.

First Preferred Embodiment

This preferred embodiment is used to determine whether or
not an object 1 having an identification number i in the moving
image X and an object j having an identification number j in
the moving image Y clash when the moving image Y is
superimposed on the moving image X.

Consider the following conditions as a case in which a
clash between the object i and the object j can be determined
relatively easily.

First, there is a case in which there is an instant during
which the anterior surface of the object i (the surface depicted
in the moving image X) and the anterior surface of the object
j (the surface depicted in the moving image Y) occupy the
same three-dimensional position. That is to say, for any t, x
andy, if

X [xyl.id=i;

and Y(#)[x,y].id=/;

the position [X,y] is contained duplicated in the area where the
object i should be depicted and the area where the object j
should be depicted.

In this position [x,y], if

X()[x,y].fore=Y(2)[x,y].fore

is established, it is determined that the object i and the object
j clash.

With this method, the assumption is that the objects i and j
are sheet-like objects with nothing on the rear surface, not
possessing depth and comprising only the shape of the ante-
rior surface.

For the anterior surfaces of the objects 1 and j to have the
same depth at a position projected onto a given pixel X(t)[x,y]
means that the anterior surfaces of the objects i and j are
overlapping at that position. Hence, in this case it is possible
to determine that the two clash.

It is also possible to extend this determination standard in
the time direction. Below, the assumption is for a case in
which the elapsed time t is expressed by the frame number,
that is to say that the frame at time t+1 follows the frame at
time t.

Atany t, x and y, if

X [xp]id=X(t+1)[x,y].id=i;
Y()[xy]id=Y(t+1)[x,y].id=j;
X(0)[x,y].fore<¥(t)[x,y] fore; and

X(t+1)[x,y].fore>Y(t+1)[x,y] fore
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are established, it can be thought that from time t to time t+1,
the object j has come from the back of the object i to the front.
In addition, if

X [x,y].1d=X(z+1)[x,y].id=i;
Y(0)[x,y].id=Y(t+1)[x,y].id=j;
X()[x,y].fore>¥(#)[x,y].fore; and

X(t+1)[x,y].fore<¥(t+1)[x,y].fore

are established, it can be thought that from time t to time t+1,
the object i has come from the back of the object j to the front.

Hence, when this kind of “slipping” occurs, it is deter-
mined that a clash of objects has occurred.

With a clash determination for objects i and j under these
conditions, the assumption is that the objects i and j are
composed of the shapes of only the anterior surfaces thereof.
When the objects are thin plate-shaped objects, it can be
thought that the thickness of the objects is zero and that the
anterior surface of the object and the rear surface of the object
coincide. Accordingly, by accomplished clash determination
through this kind of method, an easy, swift determination is
possible.

FIG. 2A is a cross-sectional view of the object 14 shown in
FIG. 1, and FIG. 2B is a cross-sectional view showing the
anterior surface of the object 14. The explanation below
makes reference to these drawings.

As shown in FIG. 2A, the object 14 has depth and the
cross-section thereof has an expanse.

However, when the object 14 is expressed through infor-
mation contained in a 2.5-dimensional moving image, as
shown in FIG. 2B the shape thereof is a planar object com-
prising only the anterior surface of the object 14. Because this
drawing is a cross-sectional view, a planar object is expressed
by a curved line.

Accordingly, in order to accomplish a clash determination
among objects more accurately, it is necessary to set or esti-
mate the shape of the rear surface of the object 14 from
information about the planar object as shown in FIG. 2B.

Here, the depth to the anterior surface of the object 14 is
obtained from information incident to the 2.5-dimensional
moving image, so in order to learn the depth of the object 14,
it would be fine for the depth to the rear surface of the object
14 to be obtained.

Below, the depth to the rear surface of an object depicted at
the pixel X(1)[x,y] at time t in the moving image X is notated
as X(1)[x,y].back, and a method of obtaining this rear-surface
depth is described.

In a first method, the user sets in advance the distance
between the anterior surface and the rear surface for each
object.

That is to say, if the distance (thickness) between the ante-
rior surface and the rear surface is set as a constant thick(i) for
an object i in the moving image X, then the result is:

X(0)[x,y].back=X(?)[x,y].fore+thick(X(#)[x,y].id).

FIG. 2C is a cross-sectional view of an object for which the
shape of the rear surface is estimated by taking the thickness
to be a constant. As shown in the drawing, the rear surface of
the object 14 is the shape of the anterior surface of the object
14 that has undergone a translation in the shooting direction
16.

In addition, there is a method of determining a representa-
tive anterior-surface depth for the object i and taking as the
rear-surface depth a value found by adding to this the value of
thick(d).
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The following can be conceived as a representative ante-
rior-surface depth repfore(X,t,i) of the objecti at a given time
t.

(1) Utilizing the maximum value of the anterior-surface

depth of the object i:

repfore(X,£,1)~Max, ,, yi s 110X (D[X.y].Tore

(2) Utilizing the average value of the anterior-surface depth
of the object i:

repfore(X,41)-ave, . xo ey a=X (DX, ). fore

Here, max and avg mean the maximum value and the
average value of the values of the main part when, in the
subscript part, the variables arranged in front of the semicolon
are caused to change within the range satisfying the condi-
tions placed after the semicolon. When “constantly satisfied”
is utilized as the condition, only the variables are notated as
the subscript.

That is to say, this means listing combinations of x,y sat-
isfying X(t)[x,y].id=i under a given X, t and i in the above-
described (1) and (2), finding the value of X(t)[x,y].fore for
each of those combinations and finding the maximum value
or average value thereof.

If the repfore(X,t,1) thus established is used, the rear-sur-
face depth of the pixel X(t)[x,y] when the object i is depicted
at the pixel X(t)[x,y] (i=X(t)[x,y].id) can be established such
that:

X(0)[x,y].back=repfore(Xz,i)+thick(7).
or,

X()[x,y].back=max[repfore(X,z7)+thick(7),
X(O)[x.y] fore].
Here, max| . . . | means the maximum value of the values
arranged within the brackets.

FIG. 2D is a cross-sectional view of an object for which the
shape of the back surface of the object is estimated by finding
a representative anterior-surface depth of the object and add-
ing thickness thereto to find the rear-surface depth. As shown
in the drawing, the rear surface of the object 14 is a plane
perpendicular to the shooting direction 16, and the object 14
resembles a columnar shape extending in the shooting direc-
tion 16.

In addition, there is a method of approximating the rear
surface by establishing a representative point of the object i at
the time t, and creating a spherical surface centered at that
representative point.

First, the pixel number area(X,t,i) of the region where the
object i is depicted at the time t in the moving image X is
found as follows:

area(X,1,0)=2, . x ey id-il

Here, the subscript of Z has the same meaning as with max
and avg.

A horizontal coordinate xc(X,t,1) and a vertical coordinate
ye(X,1,1) of the representative point of the object i at the time
t are established as follows:

XX L2y x0) pey] da= ATEAX, L)

YL D)=2, o oy ia=¥ AT€A(X1,1);

In addition, a width w(X,t,1) and a height h(X.t,i) of the
region in which the object i is depicted at the time t in the
moving image X are established as follows:

WLLD=MAX, , xpx].id=— M X ] id=A55

RCLD=MAX, , xox) id=i M o x0T dd=V
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There are various methods of establishing the diameter
D(X,t,1) of the spherical surface, such as those below:

D(X t,i)=max[w(X,1,i),h(X1,1)];
DX LH=(wX i +hX 1 )H)";
D(X,t.i)=area(X,1.1)">;

DXz, i):maxxy;X5t)[xi))],id:i(('x_xc (X 10)°+
GyeX L))"

D(X,t,i)=avgarea(X,1,i)>*/area(X,1,1)

Here, avg, area(X,t,i) means the time average for the region
in which the object i is depicted in the moving image X.
Accordingly, avg, area(X,t,i)*? corresponds to the approxi-
mate value of the volume the object i occupies, and when this
is divided by area(X,t,i), an approximate value of the depth
length is obtained.

Now, once the diameter D(X,t,1) is established, the depth
coordinate zc(X,t,1) of the representative point can be estab-
lished as follows:

ze(X 1, 1)=X (1) [xc(X1,1) ye(X 1,1)] fore+D(X1,i)/2

In addition, it would be fine to simply establish this as
follows:

ze(X 1, 1)=X(1)[xc(Xt,i) ye(X 1,i)]. fore.

Whereupon, if the rear-surface depth of the pixel X(t)[x,y]
when the object i is depicted at the pixel X(t)[x,y] (=X (1)[x,
y].id) is established by:

X(D[x,¥).back=max[zc(X;t,i)+[max[(D(X;1,1)/)-(x—xc
Xt ~(r-yeX.L))’1.01"2 X@) [x.y] fore],

the spherical surface can be better approximated, and if
X(0)[x,y].back=max[ze(X,£,i)+D X(#)[x,y].fore]

is established, a cylinder can be better approximated.

FIG. 2E is a cross-sectional drawing of an object the shape
of whose rear surface is assumed to be a spherical surface. In
the example shown in this drawing, the rear surface of the
object 14 is a spherical surface centered at a representative
point 21, but from the anterior surface of the object 14 to the
spherical surface the shape more closely resembles the shape
of a cylinder extending in the shooting direction 16.

In addition, as a method of estimating the rear-surface
depth of the object, it is possible to use a database storing an
attribute indicating the type and/or the like of the object and
the depth length with respect to that attribute, linked to each
other.

Inthis database, linking is such that the depth length is “OO
cm” with respect to the attribute “person”, and the depth
length is “O0 m” with respect to the attribute “aircraft.”
Furthermore, the depth length of the object is acquired from
an attribute estimated by image identification from the exter-
nal appearance of the object depicted in the moving image,
and an attribute selected and set by the user independently for
the object.

When the object is a product that is sold in an electronics
shopping district, such as a cabinet or washing machine and/
or the like, it is possible to acquire the depth length of the
object with respect to the attribute from information about the
size of the product noted in the product specification.

Once the depth length of the object is obtained, it is pos-
sible to estimate the rear-surface depth of the object by com-
bining this with the various methods described above.

To this point, methods for setting and estimating the rear-
surface depth of a moving object have been described, but it
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would be fine to think of the rear-surface depth as « for
objects corresponding to the background. That is to say, when

X(0)[x,y].id=0
is established, then
X()[x,y].back=co.

The occupancy zone in the depth direction occupied in the
pixel X(t)[x,y] by the object X(t)[x,y].id depicted at the pixel
X(1)[x,y] in the moving image X at the time t extends from the
anterior-surface depth X(t)[x,y].fore to the rear-surface depth
X()[x,y].back.

If there is overlapping in the occupancy zone from the
anterior-surface depth to the rear-surface depth of two objects
depicted at the same pixel position, those two objects are
clashing.

Accordingly, for any t, x, y:

X [xyl.id=i;

Y(O[xy)id=/,
and if any of the four relationships:

X()[x,y].fores Y1) [x,y]. fore=X(#)[x,y].back; (D

X()[x,y].foresY(#)[x,y].back=X(#) [x,y].back; 2)

Y(B)[x,y]. fore=X(?)[x,y]. fores Y(£) [x,y].back; 3)

Y(8)[x,y]. fore=X(?)[x,y].back= Y(#)[x,y].back. 4

is established, when the moving image X and the moving
image Y overlap, it is possible to determine that the object i
depicted in the moving image X and the object j depicted in
the moving image Y clash.

Below, the amount of overlap in the two occupancy zones
is notated as overlap(X,Y,t,x,y). If none of (1) to (4) above is
satisfied, overlap(X,Y,t,x,y)=0, and if overlap(X.Y,t,x,y)>O0,
objects 1 and j clash.

Specifically, in the case of (1) above,

overlap(X, Yz,x,y)=min[X(#)[x,y].back, ¥(#)[x,y].back]-
Y(8)[x,y].fore,

in the case of (2) above

overlap(X, Yz,x,y)=Y(?)[x,y].back-max[X(?)[x,y].fore,Y
(1)[x,y].fore],

in the case of (3) above,

overlap(X, Y2,x,y)=min [X(#)[x,y].back, ¥(£)[x,y].back]-
X()[x,y).fore,

and in the case of (4) above,

overlap(X, Y1,x,y)=X(1)[x,y].back—-max[X(#)[x,y].fore,Y
(8)[x,y).fore].
Here, min [ . .. ]isthe opposite of max [ .. . ] and returns the
minimum value of the values in the brackets.

When any of (1) to (4) above is established and overlap(X,
Y,t,x,y)=0, it is possible to think of the objects i and j as not
being separated but being mutually in contact. Accordingly, it
is possible to distinguish between a clash in which the two
mutually encroach on each other and a clash in which the
surfaces touch.

In addition, it would be fine in the clash determination to
not use the above-described occupancy zone itself but to find
out whether or not there is an overlap by slightly broadening
the occupancy zone by adding a margin to the upper limit and
lower limit thereof. In this case, by causing a margin to be
added to the clash determination of the objects i and j, the
objects i and j are determined to be clashing (or in danger
thereof) if not separated by a certain amount of distance.



US 9,374,535 B2

17

On the other hand, if the above-described margin is nega-
tive, it is possible to permit clashes with slight encroaching.
This is suitable when the object is elastic and indentations are
assumed, and/or the like.

FIG. 3 is an explanatory drawing showing the summary
composition of elements for accomplishing a clash determi-
nation, in the moving-image processing device according to
this preferred embodiment.

As shown in this drawing, the elements for accomplishing
a clash determination within the moving-image processing
device 101 comprise a rear-surface depth acquirer 102 and a
clash determiner 103.

The moving-image processing device 101 takes the first
moving image X and the second moving imageY as targets of
processing. For example,

(a) as the first moving image X, a 2.5-dimensional image
shooting a dancer dancing in the real world is utilized,

(b1) as the second moving image Y, a moving image
expressing a character dancing with no background is uti-
lized, and

(b2) as the second moving image Y, a moving image shot so
as to express another user dancing and then the other user has
accomplished editing and removed all background informa-
tion so that the other user is dancing with no background is
utilized.

The moving-image processing device 101 in this preferred
embodiment ultimately synthesizes a third moving image in
which a dancer is dancing together with a character or another
user.

Consequently, first the moving-image processing device
101 determines a clash between the first object i1 depicted in
the first moving image X and the second object j depicted in
the second moving image Y that should be superimposed on
the first moving image X. The moving-image processing
device 101 is typically realized by executing a program on a
computer.

Here, the first moving image X is accompanied by a first
anterior-surface depth of the first object i on the side depicted
in the first moving image X, and the second moving image Y
is accompanied by a second anterior-surface depth of the
second object j on the side depicted by the second moving
image Y.

Using the above notation, if the first object i is depicted at
apixel at position [x,y] in the frame X(t) at time t contained in
the first moving image X, then X(t)[x,y].id=i and the first
anterior-surface depth is X(t)[x,y].fore.

The first moving image X may comprise a moving object
alone or may include background. In the former case, an
object with >0 is utilized as the first object, and in the latter
case, an object with =0 is utilized as the first object.

In addition, if the second object j is depicted at a pixel at
position [x,y] in a frame Y (t) at time t contained in the second
moving image Y, then Y (t)[x,y].id=j and the second anterior-
surface depth is Y(t)[x,y] fore.

Objects that are the target of clash determination in the
second moving image Y do not include the background. That
is to say, as the second object, objects with j>0 are utilized.

First, the rear-surface depth acquirer 102 acquires the first
rear-surface depth of the first object 1 on the side not depicted
in the first moving image X, and the second rear-surface depth
of the second object j on the side not depicted in the second
moving image Y.

If the above-described notation is used, the rear surface
acquirer 102 finds the first rear-surface depth X(t)[x,y].back
through the above-described method for the time t and posi-
tion [x,y] satisfying X(t)[x,y].id=i. In addition, the rear sur-
face acquirer 102 finds the second rear-surface depth Y (1)[x,
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y].back through the above-described method for the time t
and position [x,y] satistying Y (t)[x,y].id=j.

On the other hand, the clash determiner 103 functions as an
interference determiner for determining interference among
objects. Furthermore, the clash determiner 103 determines
that the first object and the second object clash if the first
drawing area where the first object i should be depicted and
the second drawing area where the second object j should be
depicted overlap as a result of the first moving image X and
the second moving image Y overlapping, and the first occu-
pancy zone from the first anterior-surface depth to the first
rear-surface depth of the first object i and the second occu-
pancy zone from the second anterior-surface depth to the
second rear-surface depth of the second object j overlapping
in an overlap area where the first drawing area and the second
drawing area overlap.

If the above-described notation is used, the first drawing
area at a given time t is the set of positions [x,y] satisfying
X(1)[%,y].1d=i, and the second drawing area at a given time t is
the set of positions [x,y] satistying Y (t)[x,y].id=j. If the com-
mon part of these sets is not the empty set, then the first
drawing area and the second drawing area overlap at the time
t, and the common part of these sets correspond to the overlap
area at the time t.

For a position [x,y] that is an element of the overlap area at
the time t, clearly:

X [xyl.id=i;

Y)x.yl.id=j

are established.

At this position [x,y], the first object i occupies the first
occupancy zone from X(t)[x,y].fore to X(t)[x,y].back, as the
depth. In addition, the first object j occupies the second occu-
pancy zone from Y (t)[x,y].fore to Y(1)[x,y].back.

When the first occupancy zone and the second occupancy
zone overlap, that is to say when the second anterior-surface
depth or the second rear-surface depth is included in the first
occupancy zone or the first anterior-surface depth or the first
rear-surface depth is included in the second occupancy zone,
it is determined that the first object 1 and the second object j
clash at the time t and position [x,y].

Inthe above-described explanation, if the first drawing area
in which the first object i is depicted and the second drawing
area in which the second object j is depicted overlap in the
frame at time t, a clash determination for the first object i and
the second object j in the frame at the time t is accomplished
using information about the rear-surface depth.

Accordingly, in order to confirm that a clash does not exist
in a moving image as a whole, it would be good to accomplish
the above-described clash determination by setting succes-
sive times for all frames in the first moving image X and the
second moving image Y.

FIG. 4 is a flowchart showing the flow of the clash deter-
mination process according to this preferred embodiment.
Below, the clash determination process executed by the mov-
ing-image processing device 101 according to this preferred
embodiment is described with reference to this drawing.

First, the moving-image processing device 101 receives the
first moving image X and the second moving image Y that are
targets of clash determination (step S151). Objects are
depicted in the first moving image X and the second moving
imageY, and object depth information is appended.

Next, a process of scanning frames of the first moving
image X and second moving image Y in order from the start
is repeated (step S152).
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That is to say, in the frame currently being scanned, a
determination is made as to whether or not an area in which an
object is depicted in the first moving image X and an area in
which an object is depicted in the second moving image Y
overlap (step S153). If there is no overlap (step S153: No), the
process proceeds to step S157 and the process is repeated.

If there is overlap (step S153: Yes), depth information
about the object in the first moving image X for which there
is overlap in that drawing region (corresponding to the above-
described “first object”), and depth information about the
object in the second moving image Y (corresponding to the
above-described “second object”) are acquired (step S154).

Furthermore, a determination is made as to whether or not
there is an overlap in the occupancy zones of the objects
obtained from the depth information (step S155). If there is no
overlap, the process proceeds to step S157 and the process is
repeated.

If there is an overlap (step S155: Yes), a determination
result to the effect that the object depicted in the first moving
image X and the object depicted in the second moving image
Y clash is output (step S156), and the process then concludes.

When repeating of steps S152 to S157 concludes, a deter-
mination result to the effect that the object depicted in the first
moving image X and the object depicted in the second mov-
ing imageY do not clash is output (step S158), and the process
then concludes.

In the above description, to facilitate understanding the
assumption was that only one first object is depicted in the
first moving image X and only one second object is depicted
in the second moving image Y, but when there are multiple
objects, it would be fine to repeat the same process for each
object.

In addition, in the above-description, a determination of
overlapping of occupancy zones is accomplished based on
depth information and overlapping of drawing areas for each
frame, but when there are numerous frames, it is possible to
accomplish suitable sampling.

For example, if a method is utilized in which initially it is
possible to determine whether or not the first drawing area
and the second drawing area overlap by selecting frames
while skipping with equal spacing, and when there is an
overlap, to stop sampling the frames before and after, it is
possible to save calculating time needed in making a clash
determination for the moving images as a whole.

In general, when it is not determined that “at any time and
at any position, any of the objects depicted in the first moving
image X and any of the objects depicted in the second moving
image Y clash”, that is to say when no clashes at all are
generated, no contradiction arises in the front and back rela-
tionship of objects even if the second moving image Y is
superimposed on the first moving image X. Accordingly, it is
possible to find the third moving image superimpose(Y,X)
with the second moving image Y superimposed on the first
moving image X.

On the other hand, when it is determined that “at any time
and at any position, any of the objects depicted in the first
moving image X and any of the objects depicted in the second
moving image Y clash,” it is not possible to superimpose the
first moving image X and the second moving image Y.
Accordingly, a scheme such as that disclosed below is neces-

sary.
Second Preferred Embodiment

This preferred embodiment devises a user interface when
superimposing by shifting the second moving image Y to the
first moving image X through a drag-and-drop operation and/
or the like using a mouse.
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With this preferred embodiment, in order to facilitate
understanding a case will be assumed in which through the
user’s drag-and-drop operation, a translation amount up,
down, left or right is specified in order to shift and superim-
pose the second moving image Y on the first moving image X.
However, the operation system of this preferred embodiment
is not necessarily limited to drag-and-drop, for it is also
possible to replace drag-and-drop through utilization of vari-
ous specified input operations, such as a slide action on a
touch screen, or twice repeating a click operation, and/or the
like.

FIG. 5A is an explanatory drawing showing the state of the
screen before the drag is started, FIG. 5B is an explanatory
drawing showing the state of the screen at a point in time
when the drag is started, FIG. 5C is an explanatory drawing
showing the state of the screen at a point in time during the
drag and FIG. 5D is an explanatory drawing showing the state
of'the screen at a point in time when the drop is done.

In addition, FIG. 6 is an explanatory drawing showing the
summary composition of parts of the moving-image process-
ing device 101 related to the drag-and-drop process. FIG. 7 is
a flowchart showing the flow of control of the drag-and-drop
process executed by the moving-image processing device 101
according to this preferred embodiment. The explanation
below makes reference to these drawings.

In the drag-and-drop process according to this preferred
embodiment, in the moving-image processing device 101, a
slide amount setting 104 and a moving image generator 105
act based on the user’s drag-and-drop operation.

The moving-image processing device 101, when sliding
and superimposing the second moving image Y on the first
moving image X, is provided with an interference determiner
for determining whether or not position conditions are satis-
fied so that the positional relationship of objects satisfies
prescribed position conditions.

However, in this preferred embodiment, in order to utilize
a clash of objects not occurring as a position condition, the
above-described clash determiner 103 is utilized as the inter-
ference determiner, and the determination result thereof is
used. In this drawing, the rear-surface depth acquirer 102 in
front of the clash determiner 103 is omitted from the drawing.

As described below, as a position condition, in addition to
objects not interfering, that is to say, interference conditions
not being satisfied, it is possible to set other conditions, for
example that prescribed objects are immediately adjacent,
and/or the like. For the determination results from the above-
described clash determiner 103, it is possible to also use a
determination of position conditions referencing position
relationships other than interference of objects.

In addition, a corrector 106 shown in the drawing is an
element for correcting the slide amount by which the second
moving image Y is slid from “no slide” so that interference
among the objects does not occur.

First, the corrector 106 displays on the screen a represen-
tative frame of the first moving image X and a representative
frame of the second moving image Y (step S181). For
example, as shown in FIG. 5A, a window 411 of the first
moving image X, a window 412 of the second moving image
Y, and a cursor 413 are displayed in a screen 401.

For example, utilizing the first frame of each moving image
as the representative frames is the easiest method. Besides
this, when the first moving image X and the second moving
image Y are shifted in time, it would be fine for the user to
select frames to synchronize and for these to be the represen-
tative frames. In this case, the difference in elapsed times in
the synchronized frames corresponds to the shift amount for
time-shifting the second moving image Y.
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In this drawing, the first moving image X is a moving
image with a background and the edge of the window 411 is
depicted by a solid line. On the other hand, the second moving
imageY is a moving image with no background. The periph-
ery ofthe window 412 is depicted with a transparent color and
the edge thereof'is depicted by a dotted line. The edge of the
window 412 does not necessarily need to be displayed on the
screen 401. In this case, the user sees a display on the screen
401 as though the background-less object alone is depicted in
the second moving image Y.

Next, the moving-image processing device 101 receives a
click action (start of drag) in the window 412 of the second
moving imageY from the user (step S182). Here, as shown in
FIG. 5B, the user has used the mouse to cause the cursor 413
to move and clicked on a position [s,t] within the second
moving image Y.

Furthermore, the moving-image processing device moves
the display position of the window 412 of the second moving
image Y in accordance with this (step S184) while dragging
by the user continues (step S183: Yes). For example, when the
user causes the cursor 413 to move while maintaining the
click, as shown in FIG. 5C, the window 412 as a whole is
caused to move such that the cursor 413 indicates the position
[s,t] within the second moving image Y.

When the user has caused the cursor 413 to move as far as
a position [u,v] within the first moving image X, as shown in
FIG. 5D, and stops the click, the window 412 is dropped into
the window 411.

Whereupon, the position [u,v] within the first moving
image X and the position [s,t] within the second moving
image Y overlap. Accordingly, it can be thought that the user
has superimposed the second moving image Y on the first
moving image X by accomplishing a transformation causing
the second moving image Y to move by u-s in the horizontal
direction and by v-t in the vertical direction.

In this way, when dragging by the user ends (step S183:
No), the shift amount setter 104 of the moving-image pro-
cessing device 101 sets the horizontal direction u-s and the
vertical direction v—t as the shift amount (step S185). That is
to say, the moving-image processing device 101 interprets the
change as the user having superimposed the moving image
move(u-s, v-t, Y) obtained by moving the second moving
image up, down, left or right in parallel with the frame, onto
the first moving image X.

Hence, the moving-image processing device 101, using the
clash determiner 103, determines whether the object depicted
in the first moving image X and the object depicted in the
intermediate moving image move(u-s, v—t, Y) made by shift-
ing the second moving image Y clash at any frame time or any
position in the frame, or whether no clash occurs (step S186).

When the result of the drop operation shown in FIG. 5C is
that no clash occurs (step S186: No), the moving image gen-
erator 105 of the moving-image processing device 101 out-
puts the third moving image superimpose(move(u-s, v-t,Y),
X) through composition, and the process concludes.

Through this kind of composition, it is possible for the user
to obtain a third moving image in which objects depicted in
the moving image Y are positioned so as to not clash with
objects in the moving image X. In the third moving image,
because no clashes occur with objects depicted in the moving
image'Y, it is possible to prevent unnatural depictions such as
objects eating into each other.

On the other hand, when a clash occurs even when the drop
operation shown in FIG. 5C is done (step S186: Yes), the
moving-image processing device 101 produces a warning
such as audio, vibration, a screen display and/or the like (step
S188), the process concludes and a new moving image is not
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output. That is to say, if the user’s commands are appropriate,
the third moving image is generated, but if the commands are
inappropriate, only a warning is generated and the third mov-
ing image is not generated.

The various transformations described above are accom-
plished in frame units. Accordingly, when a transformation is
undertaken on a given moving image to obtain a different
moving image, after accomplished transformation processes
such as move and/or the like on each frame, it would be fine
to execute a different calculation process such as a clash
determination and/or the like, and it would be fine to utilize a
demand-driven extension evaluation for accomplishing the
transformation processes.

If transformation processes are accomplished as demand
driven, including the examples hereafter, it is necessary to
accomplish an overlap determination and/or the like for a
given frame, and initially the transformation is accomplished
for that frame. Accordingly, in order to obtain a conclusion
that no clashes occur, a transformation for all frames is nec-
essary, but when a clash is identified in a frame within the
moving image, the transformation process is not executed for
subsequent frames.

In addition, with the method of specitying the shift amount
through drag-and-drop, the shift amount is expressed by how
much relative to the position of the window 411 of the first
moving image X the position of the dropped window 412 of
the second moving image Y has been shifted. However,
because the shift amount is an amount applied to the second
moving imageY, when inputting the shift amount, a compari-
son to the first moving image X is not required. Accordingly,
it would be fine for the user to use the keyboard and directly
input a numerical value, or to use a method of inputting the
shift amount visually using a mouse and/or the like.

Below, a method for accomplishing automatic adjustment
in place of simply emitting a warning when the user’s instruc-
tions are inappropriate is described.

Third Preferred Embodiment

With this preferred embodiment, when an object of the first
moving image X and an object of the second moving image Y
clash because of the translation amount of the second moving
image Y specified by the user, that clash is avoided and
automatic adjustment is accomplished so that the object of the
second moving image Y is positioned so as to touch the floor
or ceiling of the first moving image X.

With this automatic adjustment, a test of whether a clash
occurs when translating the second moving image Y up,
down, left or right is repeated at least once, and under many
conditions repeatedly executed multiple times. This process
is accomplished by the corrector 106 of the moving-image
processing device 101. FIG. 8 is a flowchart showing the flow
of control of the automatic adjustment process according to
this preferred embodiment. The explanation below makes
reference to this drawing.

The translation amount up, down, left or right in one test is
notated as Ap in the horizontal direction and Aq in the vertical
direction. When constants are used for Ap and Aq, the second
moving image Y is adjusted while becoming shifted in a
preset direction.

To facilitate understanding, similar to FIGS. 5A through
5D, the case will be considered when a user clicks on a
position [s,t] within the second moving image Y, drags to a
position [u,v] within the first moving image X while main-
taining the click and then stops the click and drops.

In this case, the moving-image processing device 101 of
the preferred embodiment accomplishes the below process.
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First, the shift amount setter 104 of the moving-image
processing device 101 respectively sets the initial value of the
variable p as u and the initial value of the variable q as v (step
S191). Through this, the initial value of the shift amount in the
horizontal direction is set as p—s=u-s and the initial value of
the shift amount in the vertical direction is set as q—t=v-t, and
the shift amount setter 104 functions as an initial value setter.

Next, the clash determiner 103 of the moving-image pro-
cessing device 101 determines whether or not the position
condition “an object clash does not occur between the first
moving image X and the intermediate moving image move
(p-s, q-t, Y) that is the second moving image Y shifted by a
set shift amount” is established (step S192).

If this is established (step S192: Yes), the moving image
generator 105 outputs the third moving image superimpose
(move(p-s, q-t, Y),X) through composition (step S913), and
this process concludes.

On the other hand, if this condition is not established, the
corrector 106 increases the value of the variable p by Ap and
increases the value of the variable q by Aq (step S194).
Through this, the shift amount is updated slightly.

Furthermore, when an abandonment condition is satisfied,
such as when the translation amount (p-s, q—t) of the moving
imageY becomes too large, or when the number of repetitions
exceeds a prescribed threshold value, and/or the like (step
S195: Yes), it is determined that a clash cannot be avoided,
and a warning is emitted (step S196) and this process con-
cludes.

On the other hand, when the abandonment condition is not
satisfied and repetition continues (step S195: No), control of
the moving-image processing device 101 returns to step
S192.

In the coordinate systems of numerous moving images, the
direction of increasing the coordinate value in the vertical
direction corresponds to the downward direction on the
screen. In positioning by moving the object depicted in the
second moving image Y in the downward direction of the
screen, it would be fine to set (Ap,Aq)=(0,1).

In addition, as a result of (Ap,Aq)=(0,1) being set initially
and the above-described automatic adjustment process being
executed, when the determination is that a clash is unavoid-
able, it would be fine to reset (Ap,Aq)=(0,-1) and to again
execute the same automatic adjustment process.

This corresponds to first looking for a translation amount at
which a clash can be avoided while moving from top to
bottom, and if this cannot be found, to then looking for a
translation amount at which a clash can be avoided while
moving from bottom to top.

In the above-described explanation, the clash determiner
103 was simply utilized as the interference determiner. This
corresponds to imposing the position condition of object
clashes not occurring for the position relationship between
objects. However, if determination results from the clash
determiner 103 are used, it is possible to utilize other condi-
tions as position conditions in the interference determiner.

For example, it is possible to change the position condition
to ““no object clashes occur between the first moving image X
and the moving image move(p-s, q-t, Y)’ and ‘an object clash
occurs between the first moving image X and the moving
image move(p-s, q+1-t, Y)’”. By making this change, the
object depicted in the second moving imageY is positioned so
as to virtually touch the ground when superimposing the
object depicted in the second moving image Y on the first
moving image X.

In addition, it is also possible to change the position con-
dition to ““‘no object clashes occur between the first moving
image X and the moving image move(p-s, q-t, Y)’ and ‘an
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object clash occurs between the first moving image X and the
moving image move(p+Ap-s, q+Aq-t, Y)”.

In this case, when a translation amount in a given direction
is found, the setting is made so as to proceed forward to the
extent possible and the test is repeated. For example, when
moving from top to bottom, the object of the second moving
image Y moves as far as touching the floor of the first moving
image X, and when moving from bottom to top, the object of
the second moving image Y moves as far as touching the
ceiling of the first moving image X.

In cases in which the ground is depicted in the first moving
image X, an object moving on a horizontal plane is depicted
in the second moving image Y and the orientation of the
camera in the first moving image X relative to the ground and
the orientation of the camera in the second moving image Y
relative to the horizontal substantially match and/or the like,
if the above-described process is accomplished, when the
object depicted in the second moving image Y is superim-
posed on the first moving image X, the object depicted in the
second moving image Y substantially touches the ground or is
positioned so as to float separated from the ground.

There are cases in which an object depicted in the first
moving image X is standing still, such as the ground, ceiling,
wall and/or the like. For example, there are cases when a user
has specified an object in a given frame in advance, cases
when the past editing history by the user is understood, and
cases when each frame of the first moving image X is under-
stood through contrast.

In this case, setting the position conditions as described
above means that the synthesized object set the movable
range that can be occupied in the three-dimensional space.
That is to say, it is possible to accomplish moving image
synthesis in which conditions for the movable range of the
object in the three-dimensional space are imposed, such as
“the object may float in space if there is no clash,” “the object
touches the floor or the ground,” “the object touches the
ceiling” and/or the like.

As described above, (Ap,Aq) is a vector expressing the
displacement of the drawing position of the object depicted in
the second moving image Y, and by setting the orientation
thereof, it is possible to appropriately change the movement
direction and movement amount.

In the above-described situation, by moving the second
moving image Y along a direction set in advance and super-
imposing the image on the first moving image X, a new
moving image is generated such that objects depicted in the
first moving image X and the second moving image Y do not
clash, and parallel movement in only the up or down direction
of'the moving image Y is assumed.

However, after the above-described movement has been
accomplished, it would be fine to correct the shift amount so
as to minimize the difference between the shift amount and
the initial value set by the user, while also satisfying position
conditions. In this case, the shift amount closest to the user’s
designation is used.

In addition, as the direction of (Ap,Aq), it is possible to
utilize the vector difference between a representative point of
the first object and a representative point of the second object.
In this case, a translation is done so that the second object
moves in a direction approaching the first object or in a
direction moving away from the first object.

Further proceeding with these methods, it would be fine to
utilize a method that appropriately sets an evaluation function
and to avoid clashes of objects by minimizing this function.
This can be thought of as minimizing the “clash amount”
when objects clash.
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When considering the clash amount of the moving image X
and the moving imageY as the sum of the areas of clash zones
where clashing objects are depicted in the moving image X
and the moving image Y, the clash amount can be calculated
through:

collision(¥,X)=
=) 1020, ik O, overlap (K Yot x 90
overlap(X,Y,t,x,y)>01

In addition, when the estimated amount of the sum of
volumes where clashing objects overlap in the three-dimen-
sional space is taken to be the clash amount, it is possible to
utilize:

collision(¥,X)=
2 X o id20, KD xy].id O, erlap (X, Yty 0OV L
lap(X, Y z,x,p).
The clash amount calculated in this manner is taken as the
evaluation function.

To minimize the clash amount, it would be fine to repeat-
edly update the value of the variable indicating the degree of
shifting of the moving image Y such as p and q and/or the like
by setting the update direction (Ap,Aq) of the unset variable
through a random walk, steepest descent method or conjugate
gradient method, preparing (1,0), (0,10), (-1,0), (0,-1) and/or
the like in advance as candidates for (Ap,Aq), finding the
change in the clash amount when utilizing these and selecting
that for which the clash amount declines most.

For example, when accomplishing translation, it is pos-
sible to find the translation amounts p—s and q-t for avoiding
clashes between objects if s, t, u and v are set as described
above, the initial values of the variables p and q are taken to be
u and v, p and q that minimize collision(move(p-s, q—t,Y),X)
are found and collision(move(p-s, q-t, Y),X)=0 is estab-
lished at the final point arrived at.

In addition, besides translations up, down, left and right, it
would be fine to arbitrarily combine translation in the depth
direction, rotation, scaling and time shifting.

For example, when combining translations up, down, left
or right and in the depth direction, s, t, u and v are set as
described above, u, v and 0 are taken as initial values of p, q
and r, and p, q and r are found that minimize collision(push(r,
move(p-s, 4-t, Y)),X).

When combining rotations about the horizontal axis and
the vertical axis and translations, s, t, u and v are set as
described above, u, v, 0 and O are taken as the initial values of
P, 9, 0 and ¢, and p, q, 6 and ¢ are found that minimize
collision(rotver(¢, rothor(6, move(p-s, q-t, Y))), X).

When extreme translations or rotations occur, convention-
ally depiction of the rear surface of the object becomes nec-
essary. However, if the moving image Y is a 2.5-dimensional
moving image, there is no information about the rear surface
of the object. Hence, upper limits and lower limits are set in
advance for the translation amounts p-s, q—t and r and the
rotation amounts 6, ¢, { and/or the like, and through this it is
possible to prevent movement of an object in the moving
image Y from being viewed unnaturally.

In addition, in order to reduce the shift amount to the extent
possible, there is also a method of taking as the evaluation
function the result of adding the above-described clash
amount to a value found by multiplying a prescribed integer
constant by the squared value or absolute value of a transfor-
mation parameter of the translation amounts p-s, q—t or r or
the rotation amounts 0, ¢,y and/or the like, and continuing to
update the transformation parameter until clash amount
becomes 0. When the initial value of the transformation
parameter is set to a value specified by the user, if the dis-
placement in the transformation parameter is combined with
the evaluation function, it is possible to find the shift amount
closest to the value specified by the user.
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Furthermore, below a situation in which the translation
amount in the depth direction is adjusted by command of the
user is considered.

First, with the translation amount in the depth direction
taken as 0, in the above-described method p and q are selected
so that the object touches the floor. As a result, a moving
image with the moving image move(p-s, q-t, Y) superim-
posed on the first moving image X was obtained.

Following this, the user specifies a translation amount r in
the depth direction through wheel operation of the mouse
and/or the like.

Then, updating of the variable (p,q) is repeated using (Ap,
Aq) the same as in the above-described situation until the
condition “objects do not clash between the first moving
image X and the moving image push(r, move(p-s, q-t, Y))”
and ‘objects clash between the first moving image X and the
moving image push(r, move(p-s, q+1-t, Y))’” is satisfied.

By utilizing these situations, it is possible to generate a
moving image in which the depth movement is only the
translation amount specified by the user and the object con-
tinues to touch the floor.

When automatically adjusting, it is possible to first utilize
a situation in which the third moving image 7. is generated by
synthesizing the first moving image X and the second moving
image Y (or a moving image in which the second moving
imageY is shifted in accordance with user commands). In this
situation, when synthesis occurs, if each pixel in the third
moving image 7. is derived from one of the objects and a given
object is depicted as hiding a different object, the pixel value
in the hidden zone of the hidden object and the depth infor-
mation are stored separately.

The third moving image Z is corrected while referencing
this stored information so that no clashes of objects occur. In
making this correction, there are times when the depth direc-
tion of the object changes. In this case, it would be fine to
reference the pixel information in the original second moving
imageY so as to preserve to the extent possible the resolution
of the outer appearance of the object because scaling is con-
ducted when the object is depicted within the frame.

These situations, when compared to the above-described
methods, simply substitute the order of the calculation pro-
cess as a situation in which the method of storing information
differs, and the action principle thereof can be viewed as
substantively the same.

In addition, the clash amount is considered to show the
amount of penetration between objects, so it is possible to
accomplish synthesis of a moving image by imposing the
condition that “a certain degree of penetration between
objects is fine”

Even if the above-described various methods are utilized,
there are times when a clash of objects is unavoidable. In such
cases, schemes such as those explained below are necessary.

Fourth Preferred Embodiment

With the above-described preferred embodiments, when
the user specified the translation amount up, down, left or
right for an object in the moving image Y and tried to super-
impose this on the moving image X, ifa clash of objects arose,
the explanation was for a situation for producing a warning
(second preferred embodiment) and a situation for automati-
cally adjusting the translation amount (third preferred
embodiment).

This preferred embodiment can be applied to both of the
above-described preferred embodiment, and displays an area
where the user can drop an object, that is to say an area
comprising a drop position where a moving image in which
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objects do not clash is generated through a drop operation by
the user, in an easy-to-understand way prior to the drop opera-
tion by the user.

A droppable area displayed to the user is composed of
information corresponding to the range where a transform
parameter indicating the shift amount in the shift transforma-
tion of the moving imageY is found. Through this, within the
space depicted in the first moving image X, an area where the
second object does not interfere with the first object is
expressed. The possible range is set by the corrector 106
functioning as a range setter.

FIG. 9A is an explanatory drawing showing the condition
of the screen prior to a drop being started, FIG. 9B is an
explanatory drawing showing the condition of the screen at
the point in time when a drop is started, FIG. 9C is an explana-
tory drawing showing the condition of the screen at a point in
time during a drop, and FIG. 9D is an explanatory drawing
showing the condition of the screen at the point in time that
the drop is accomplished. The explanation below makes ref-
erence to these drawings.

FIG. 10 is a flowchart showing the flow of control of a
highlighted display process for a droppable area. The expla-
nation below makes reference to this drawing.

First, an arrangement F having an index candidates for
arbitrary shift amounts utilizable when shifting the second
moving image Y in the horizontal direction and the vertical
direction is prepared in the RAM (step S501). Below, it is
assumed that [ps, qt] is prepared as the index, and that ps and
qt are negative values. That is to say, ps may be an integer
between the value found by negating the sign of the width of
the second moving image Y and the sum of the width of the
first moving image X and the width of the second moving
imageY, and qt may be an integer between the value found by
negating the sign of the height of the second moving image Y
and the sum of the height of the first moving image X and the
height of the second moving image Y.

Furthermore, for candidates [ps, qt] for the utilizable shift
amount for the second moving image Y (step S501), a clash
determination for an object is accomplished between the first
moving image X and the intermediate moving image move
(ps, qt, Y) that is the second moving image Y shifted (step
S502), and a process of substituting results of the clash deter-
mination into the elements F[ps,qt] of the array F (step S503)
is repeated (step S504).

Following this, similar to the above-described preferred
embodiment, the window 411 of the first moving image X and
the window 412 of the second moving image Y are displayed
on the screen (step S506) and the beginning of a drag is
received (step S507).

Here, the drag is started when the user clicks on a position
[s,t] within the second moving image Y using a mouse.

Assuming that the position [s,t] in the second moving
image Y is to be dropped at a position [p,q] within the first
moving image X, the intermediate moving image found by
shifting the second moving image Y becomes move(p-s, q-t,
Y).

Accordingly, it would be fine to refer to element F[p-s,
q-t] of the array to determine whether or not objects clash
between the first moving image X and the intermediate mov-
ing image move[p-s, q-t, Y].

The moving-image processing device 101, for each posi-
tion [p,q] within the first moving image X (step S508), repeats
(step S510) a process of causing the color (any of the color
saturation, brightness or hue, or a combination of these) of the
pixels in each position [p,q] within the first moving image X
to change (step S509) in accordance with the value of F[p-s,

q-t].
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Through this, the user can distinguish between areas where
drops are possible and areas where drops are not possible, and
one of the areas is displayed highlighted.

Methods for accomplishing a highlighted display include
“causing the color of pixels that are to be highlighted to
change and causing the color of other pixels to not change” or
“not causing the color of pixels to be highlighted to change
and causing the color of other pixels to change.”

Following this in the above-described preferred embodi-
ments, it would be fine to proceed to step S183.

The explanation below cites an example. Prior to a drag
starting, the first moving image X is depicted without change
in the window 411, as shown in FIG. 9A.

The instant a drag is started, the moving-image processing
device calculates the droppable area. Furthermore, the drop-
pable area within the window 411 is displayed highlighted, as
shown in FIG. 9B. In this drawing, highlighting is illustrated
by hatching.

If the user drags the cursor 413 to within the droppable
area, as shown in FIG. 9C, and then accomplishes a drop
process as shown in FIG. 9D, a third moving image in which
objects do not clash is obtained.

With the above-described method, it is possible to cause
the experience speed of the highlighte